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URING THE PAST FEW MONTHS, a new phrase has appeared in our Company’s adver 





tising Watch Westinghouse Phis open bid for your attention has a background that 
is deeply rooted in events that have taken place throughout Westinghouse during the 


past lew years In thi period we have been devoting an unusual amount of effort toward 


the future. This effort is already beginning to produce results results that will affect 


your plans as wt ll as our own. The future we have been planning lor 18 arriving 


phase of Westinghouse activities 


Phis increased emphasis shows up in nearly every | 
For ¢ xample, our fundamenta! and applied resear programs were stepped up several 
years ago. Some of the results of this effort are already appearing. For example, in the 
field of metals, our Research Laboratories have just de veloped a new alloy This alloy 


not only has high-temperature strength, but also has a “built-in” ability to damp vibra 


tion. ‘This means better steam turbine Importantly, this new alloy may well be the 


forerunner of something new in metallurgy the development ol alloys by design rather 


| t one example; others are a few steps behind 


than by cut-and-try method I} bu 
In 1952 and 1953 we set up special development groups in each of our product 


divisions; their primary objective was to look ahead and come up with ideas and designs 


lor the long-range future iy tive ry more year hence. These groups, of course 
upplement our regular cle elopme ection whose efforts are irgely devoted to 
product improvement for the more 1 ediate future 

Together, these different groups are producing significant results. A few *xamples are 
( ypak ystems, acontrol system that pave tne way lor automation experimental designs 
of a motor control using transistor i new technique tor vulcanizing silicone rubber 
by bombardment with electro: and e mal exciting de velopments in the challeng 
ing new atomic-power field. As a re t of the increased efforts in research and develop 
ment, many other new concept ind new produ ome revolutionary in nature are 
rapidly approaching reality 

We are now better equipped than at any time Westinghouse history to produce the 
prod ct nat resear i 1 ¢ eer levelo A] nned ¢ pa on of our laboratory 
and manutacturing facilits i ( reme new capacity to produce for the 
prese ind the future. In the past 10 years, 31 plants have been constructed or acquired 
Most of the others have been moder ed. New laboratories include an ultra-modern new 
central Research Laboratory, de ted primarily to fundamental and basic research, a de 
velopment itboratory for steam turbine indap lant lor new meta all of which are 
now il lull operation Kvery if 1jorp int Na Mi iboratoru lor tandardization and 
product improvement. Others are under constru ) including a new jet-engine labora 
tory. transformer test facilities, andan electronics laboratory. Since 1945 Westinghouse has 


more than doubled its number of plants, and increased its total floor space by 81 percent 


This coordinated effort of resear development, and production-facility expansion 
ha eft Westinghouse in an enviable position the tuture we have been preparing lor 
here, and with it the promise of the future becoming an accomplished fact. New 


things are happening at West yhouse. Watch for them 


— as ce. CHAIRMAN AND PRESIDENT 
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| he increased empha 1s on industrial researc! 


in this country engender 


Ome important (ue 
jusl what is the role 


of research in industry? 


What are its aims, and how are the accompli hed? 
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The Role of the Research Laboratories 


DR. CLARENCE ZENER 


Ulli a iy imiportal t rou 


ne low ¢ ew ideas and produc ts. A Materials Ienyvineeriny 


erican industry. The reasons are Department lor example 


many. lor one thing 


concentrates on developing and 
noi tempo ol technical 


velopment in this country 


ha sting new materials of all kinds. A New Products Depart 
been quickening Research must keep abreast, or prelerab ment alse 


i lep or two ahead. Major brea <through 


» contributes fresh approaches to product and sys 
are needed | | 
everal research area rom i 


ems design 


With this impressive array of men and facilitie 
purely economiu tandpoint aevoted 0 development work, where 
ipp ed iboratory 
e reason that any major Manufact 


hac ining group 


does the rescea;4re } 
no major company can afford no 


to do research, both ins 
ind fundamental, if only tor tI ol Westinghouse have many prob 
breakthrough by a competitor might have disastrous and ems | mmon. Many products would benefit, for example 
ting effect from a sulating wire enamel that enabled higher tempera 
at 


1, particularly in industry ture Operation ol a motor or a translormer 


means different 


nt people. Within thi 


on 


several separate 
erm i effor o develop such an insulation would be highly inefh 


er, the interests are pooled in a research group who 


n the insulation field. Frequently, a basic insula 
What is Industrial Research? ned by this 


oped 


group 1s adaptable to a wide variety 


sometimes with no modification, sometimes 


(jne means of detining researc! | 
l¢ velopment 1s to pinpoint terations of its constituents or method of prepa 


role in technological idvance | research group I 


product manulac turing divi ion ol Wi 


invhouse not only has a develo 


ul hen, can explore the entire field 
and delve into its fundamentals; the odds are 
je lor major improvement 


p) ( I i Pll 


in insulation than they 
be for a group whose limits were more confining 


rain, many fields are plagued by unwanted vibration. At 


group that works on short-range 


provements but also an advanced deve 


opme nt yroup who concentrate their el 


Research Laboratories a team of scientists and engineers 
lorts on product designs of a long-range 


themselves exclusively to a study of the origin ol 


nature. These engineers can certainly be and methods of alleviation 


Because of their long 
ve training in this specialized field, they are more 


to improve current product 


ind develop new ones. Every year hun iminating vibration trouble. 


imples could be multiplied manyfold Whereas 


oncerned with a particular product are specialists 
their product 


dreds of new enyineers enter these eX 


ions, bringing with them fresh idea 
Vie wpoint 


yineecrs ¢ 
s from engineering schools 


tered all over the country. Also, « 


enyineerinyg departments contribute 


the scientists at the Research Laboratories 
ed in the various disciplines of engineering and 


e, the various development laboratories 
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work on problems where the basic principles are well es 
ished; the Research Laboratories, on the other hand, attack 
problems where the basi prin iples have yet to be discovered 

Another way of defining industrial research is to take a look 
it the people who are involved—the research scientists and 
engineers. Their interests and personal characteristics have 
} 


much to do with the organization and function of any researe 


iboratory 
What kind of a man is this research scientist? His dis 
tinguishing characteristic is a consuming curiosity about his 


field of specialty, but almost equally about most of the thing 


that surround him. Most engineers have similar tendencies 


| { 


\ flicker of a television screen that is merely an annoyance to 


1e non-technical viewer may well cause the electrical eng 

neer to inquire as to its causes, and lead him to try and remedy 
the situation. The research man differs only in the nature and 
extent of his curiosity. The research scientist is more apt to 
probe more deeply, for a more fundamental reason for the 
television set’s behavior 


| 


A second essential ingredient ot ti 


le research ( 
is unbounded faith in man’s ability to guide nature's force 
to serve his will, and a desire to be a part of the history of 
man’s efforts in this direction. His neighbor has never tasted 
the pleasure of creative work, of delving into areas that no 
man has ever explored before, of having thoughts never con 
ceived before by others. In one sense this is the spirit ol the 
explorer combined with that of the great painter or composer 
Che increasing complexity of modern science and tech 
nology also means that the depth and breadth of the in 
lividual scientist’s knowledge must be greater, as must hi 
apacity for additional knowledge. This has meant that an 
increasing number of men joining the Research Laboratories 
have already acquired doctor’s degrees. Of the men hired 
directly from colleges and universities in 1956, for example 
72 percent had doctor’s degrees. 
Although perhaps no group of people can be said to have a 
common, exclusive trait, the research man is nearly always a 
trong individualist, and likes to work unfettered by seeming 


This portion is devoted to investi 
gations in fields of science basic to | 
the electrical industry, but not ] 
directed toward a particular prod | 


uct development 


The largest percentage of effort is 
presently coordinated with long 
range plans of product divisions. 
Much of this is fundamental re 
search 





Government activity is about 8 
percent of the total. Part of this 
effort involves loan of personne! to * 
government laboratories 








Direct product development oc 
cupies but a small percentage of | | 8 
the total effort. Most of this is in 

highly specialized fields 
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What Type of Research is Pursued? 

The rapid expansion Of sc been outpaced | 
even more rapid expansion of t¢ , (s a consequence 
the time interval between a ! over ind its te 
nological application ha bee I over the past fe 
decades. To obtain valuable lead ( e must spearhead 
many of those fields of science future deve opme 
n the electrical industry. Ele yperties ol matter 
obviously fundamental to re leve opment | 
Research Laboratories are | e spearheading advance 
n understanding the elect rom ( ol materia inde! 
i wide range of condition onditions range trom 

ery 1ow temperature ppt e absolute ero to me 
olar temperature found Che frequencies used ra 
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Westinghouse Research Departments 


CHEMISTRY 
DEPARTMENT 


ECTROMECHANICAL 
DEPARTMENT 


ELECTRONICS and 
NUCLEAR PHYSICS 
DEPARTMENT 


INSULATION 
DEPARTMENT 


MAGNETICS and 
SOLID STATE PHYSICS 
DEPARTMENT 


MATHEMATICS 
DEPARTMENT 


MECHANICS 
DEPARTMENT 


METALLURGY 
DEPARTMENT 


PHYSICS 
DEPARTMENT 


SEMICONDUCTOR and 
SOLID STATE PHYSICS 
DEPARTMENT 


TECHNOLOGY 
DEPARTMENT 


. . engages in studies in organic chem 


istry with special emphasis on plastics; 


on gas metal reactions; corrosion ; elec 
troplating; lubrication; inorganic coat 
ings; and applications of radio-chemi 
cal techniques to special problems 


. specializes in the development, de 
sign,and engineering of automatic-con 
trol systems. Gyro-stabilized systems 
have been an intense area of research 


. Carries out basic and developmen 
tal research in microwaves, optica! 
physics, television, image translation 
acoustics, and communication theory 
Emphasis is on the study of physica! 
phenomena underlying the operation 
of electronic devices, and on the 
theory of information handling in 
volved in their use. 


. conducts fundamental studies of 
the chemical, electrical, and physica! 
properties of insulating materials 
Basic work also is done on the mecha 
nism of dielectric breakdown and the 
effect of corona on insulation. 


. has a balanced program of funda 
mental research and development in 
magnetic materials and in low tem 
perature physics. 


is concerned with research in 
mathematics as it may be applied to 
new fields of interest. The department 
also acts in a consulting capacity on 
problems in mathematics. 


carries on research in thermo 
dynamics, combustion, fluid mechan 
ics, vibration and impact problems 
lubrication, mechanics of materials 
dynamic systems, and stress analysis 


does fundamental research on 
metals, develops new alloys, studies 
the heat treatment of metal products, 
investigates welding problems, and 
conducts a broad program for the prep 
aration, analysis, and testing of 
metals and alloys. 


. conducts a broad program of fun 
damental research in atomic physics, 
physical electronics, mass spectrom 
etry, optical and electrical properties of 
matter, and electrostatic phenomena 


does research in the preparation, 
purification, and growth of semicon 
ducting materials. The department 
carries out studies of electrical, mag 
netic, and optical properties of metals, 
semiconductors, and phosphors. 


implements research progress at 
the Laboratories by providing profes 
sional technical services to all other de 
partments. These include chemical 
analysis, x-ray crystallography, metal 
turgical processing, and others. 


materials. Whereas some 29 percent of the effort at the Re 
search Laboratory 1S currently devoted to such “blue sky’ 
effort directed towards no particular development, the Lab 
oratory hopes to raise this ratio to 40 percent. 

A close understanding of long-range aims of manufacturing 
divisions is essential to an industrial research organization 
Thus special effort is made to gain this understanding 
Periodic meetings are held between research scientists and 
product engineers. In some special fields, standing committees 
are formed, which meet periodically; these committees include 
one on insulation, another on semiconductors, a magneti 
amplifier committee, and one on high-temperature alloys. At 
a typical meeting between the Research Laboratories and 
the Steam Division, the following questions might be raised 
What does a turbine designer think his equipment will be like 
ten or more years from now? What is a desirable evolution in 
turbine practice? This means the turbine designer, for exam 
ple, must formulate a picture, or perhaps several, of what his 
equipment will be like in ten or more years. What are the 
roadblocks that prevent this design now? Will his present 
materials serve his needs indefinitely, or are there some defi 
nite barriers to much further progress? Does he, for example, 
foresee the need for a higher temperature blade material? If 
so, how high? And what must its other properties be? This sort 
of questions give the research scientist a reasonably definite 
area to work in without being confining. Importantly, these 
are not short-range problems; they are problems that require 
fundamental research; problems that have no immediately 
apparent solution. 

Ata 1952 meeting between the Research Laboratories and 
the Steam Division it was brought out that the currently 
ised blading material would constitute a roadblock by 1957 
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it the Research Laboratories is tied in with these programs In modern research, an incre mportant technique 
Whereas most produc { development 1 ikes plac e within the the team”’ approac h M i! res roject today require 
product divisions, some slight amount takes place witl nore than a one-man appre eyardless of his individua 
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Fig. 1 Simplified diagrams of the operation of tt 
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| he heat pump is no longer me rely an interest WARM LIQUID GIVES UP HEAT 
TO COOLER ATMOSPHERE 


novelty Hundred of installation have been 
made. Yet there are still many question 





about it operation and atplication Here ari 
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WALTER R. YEARY, Air ¢ 


msidered a ( heat from the inside of the box and dumps it out 

rineering novelty nteresting, but not difference between this and a residential or in 
enough for widespread use. These opinions have beer pump is that the latter are reversible systems 
dissipated over the past decade, which has seen thou ng block to the understanding of the heat 
ew heat-pump installations in both homes and indu it many people tend to think of heat and cold as 
\t least part of the slow acceptance of the heat pul ite quantities. Once the concept is establis} 
resulted from a lack of clear understanding of its pr the only real quantity, 1.e., that cold is merely, 
of operation and application. Actually, the princ sence of heat, the whole principle of the heat 
fheult; nor is the equipment its pecia imp becomes clear. All matter—gases, liquids and solids 
vintricate. The lack of understanding is largely due to t! i nta ome heat until they reach the temperature of abso 


neat pump not d 


lamiliar ones 160 degrees | 
transier trom a warm object to a colder one ever 


The Principle of the Heat Pump , temperature difference is less than one degree. Thu 
e medium circulated through a properly de 
absorb heat from the outdoor air regard 


he temperature—and release it to the indoor 
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How the Heat Pump Works 


























\ Lypica packaged heat pump 1s shown in “ : This Heated relriverant i¢ eco 
s the most common type the air-to-air unit, which means pressor is again directed ir-wa ( (1 Une 
poi [nat neat is absorbed Irom alr at one end ot the ( » the wloor CO 1) ( ( ( ( 
ind released to air on the other. The air-to-air heat pump being recirculated acro ( ( erant re 
Lypical alr cooled air conditioner d iring the summer cycle eases eat into ( 
I the outdoor coil serving as the air-cooled conde er ane to e recirculated air. It litione 
( indoor coll serving as the evaporator or cooing col pace by tne all tream a ( ra er temp 
Ky proper control ot the tour-way valve, use ol a reversible iture within the spac ( ‘ ( r } ( 
ipillary tube and valve, and a combination cooling-heating ng iccomplished b ( 
hermostat, refrigerant tlow is reversed in the circuit externa Pheindoor coil is now tu enst ‘ ist 
© the compressor for heating purposes Phe indoor coil be ool alr passing acro ( ( re e retriver 
comes an air-cooled condenser and the outdoor co become ind condenses the va ) ( ( ( ( 
in evaporator or outdoor cooling coi pa eS Into the cap arv tube cl ( eereqd 
Heating Cycle—The refrigerant circulated throu ‘ illow only the proper an ent 
outdoor coil in winter is at a very low temperature normally cou (or the indoor coil dut ( 
much colder than the outdoor alr Thus obey ny hie iw ol sutdoor col the retr er r ‘ ec 
heat transfer, heat contained in the outdoor air transfers into 
the retrigerant through the fins and tubes of the coi 
Phe capillary tube and valve (Fig. 2b) act as a restricting Fig. 2b Capillary tube and valve operatior 
or metering device and the liquid refrigerant forced to ¢ 
| ‘ ‘ yf e 4 y reve ing valve 
pand and lose pressure as it is fed into the larger internal area Fig. 2c Bottom) Basic detai| th j-wa ver } aly 
of the outdoor coil. The action of the refrigerant hie ( 
CAPILLARY CAPILLARY 
or similar to that taking place when it enters the indoor co TUBE FROM . STOP TUBE 
4 > a > PIN - 
during the cooling cycie Because of tne ¢ <pansion ind reduc OUTDOOR » TO INDOOR 
. +] | coll cou 
(ion in pressure the retriverant bevins to boil and e\ porate COOLING POSITION 
! CAPILLARY CAPILLARY 
Because of the evaporation its temperature 1s reduced below TUBE TO = STOP TUBE 
< _ = "er: « 
the temperature of the outdoor air being circulated acro ( OUTDOOR s rin FROM INDOOR 
coil. Therefore, being colder than the outdoor air, heat tra Coit HEATING POSITION con 
fers from the air into the refrigerant. The 
outdoor coil is thus functioning as an evap 
; | ~s 
orator or cooling coil. The discharge air ~ 
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ny alr because a certain quantity ol heat ji +. ee Ee <P> Fe ei 
Fig. 2a ' cabiaade Tse ~ ' 


has been extracted fr ‘ 
is been extracted from it as ier HEAT EXCHANGER a 
In the above action the liquid refriger ~ 












diagram of 
int 1s changed to a gas and is drawn the Westing- 4 
toward the compressor by reason of the house heat % OUTDOOR Coli con 
pump cycle f -_ 


ow pressure existing on the suction side of 
the compressor. Before entering the com ; 
pressor, the gas must pass through the COMPRESSOR 
Wi: alive, W > “Ss 1 > i ) if j 
four-way valve hich serve he impor weaTnic CYCLE 
tant function of directing the flow of the 3 <tt- 
eek aa % 4 
relrigerant 4 c ¢ 
COOLING CYCLE oT 
During the heating cycle the po ition ol my 
: i?) 


; -——>d¢— — a « 
he valve is such that it is open between HEATING AND , A * 4-WAY VALVE “"tcumutaton 
ports A and B, and D and C (see Fig. 2¢ COOLING © j \ 


Low-temperature gas enters the valve 
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High-temperature, high-pressure gas er 








‘ a . | » th ‘ . 2 
ers the valve through port A and leave HEATING—-TO INDOOR COll t 
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open between A and D, and B and ¢ HEATING OR COOLIN 
‘ P TC ACCUMULATOR 
After passing out ol port ( the low-temperature ov , anes COMPRESSOR 
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[he average coefficient of pertorman 


units at the above temperature 


may be either higher or lower 


Is rare, and when it does occur i 
eld-assembled systems. The coefficient of performa 
reases as the outdoor temperature decreases 

In some areas of the country, supplemental electric: 
ng is needed. This heat is not included in the COP rn t! veratu 


oefficient is a measure of the heat pum] Nciency lor the 


Application of Heat Pumps 


lhe application of a self-contained hea ump is simila below tl outdoor 
0 that of conventional air-cooled air-conditioning equipme! is point of 
Actually, it is physically simpler, since there are W ( int iv. 4 
ponents to install Supplemental heaters « 
No water is needed for air-to-air heat pumps; th n pecific outdoor temperat 
ping necessary is a simple condensate drain. No fuel source teps. The first 
s needed other than an electrical circuit of the proper siz 
Heat pumps using water or earth as an outdoor source umed. An outdoor 
ind sink require external water or refrigerant piping eaters ata point 3 t 
Water-source units circulate either water or refrigerant his method ha 


{ 


through piping installed in a well, river, lake, or some han is required at the 


other body of water. Ground-source | circulate re ess down to the fina 


lrigerant through a pipe grid buried in the ground belovy perature 

frost line Phe second method 
Considerable difficulty has been experienced with ground he most popular 

ource heat pumps due to expansion and contraction of the balance points at 

pipes in the ground grid. Expansion tends to push the eart] 

iway from the pipes and, in many cases it remain the 

outermost position. Consequently, overall direct contac Heat-Pump Control 


the pipe with the ground, which is necessary for highest eal pumps are provide 


lency, 1S lost stats to control the heat 


lor overall performance and minimum maintenance, a bination thermostat that 
\o-air packaged units are the best choice for residential and bination type usually ha 


most commercial installations. The outdoor coil of an air-to lay ol heating, one for 


( 


tir heat pump is usually an integral part of the complete that energizes the supp 
issembly within the cabinet. Ductwork carries the inlet and Healt-Pump Room Thern 
outlet air tat is the most common. |] 


} { 


Supplemental Heating—TVhe heating capacity of the hea he compressor-motor 


pump and the heat loss of the house determine the amount of tarter contacts and 


supplemental heating required. The required kilowatts ot { pump alone is able t 
heating are determined simply by comparing the house lo ire, the thermostat opera 


ind pump capacity; if house heat loss is le hat imp loor temperature drops be 


Fig. 4 These are capacity curves for a 3-hp and a 5-hp heat pump. Assume a 

design outdoor temperature of 10 degrees F and a design indoor temperature +—5 HP+ 

of 70 degrees, and a house heat loss of 58 000 Btuh. To find the first balance | eahaore 

point draw a line from the 10 degrees, 58 000 Btuh point to the 70 degrees F f T f cos fen 
point on the temperature scale. The intersection of this line with the capacity CAPACITY 
curve is the point where capacity and house heat loss are exactly equal, i.e., 
the first balance point. in other words the unit will heat the house to 70 de 
grees F until the temperature drops to 23.5 degrees F (for the 5-hp unit 
or 32.5 (for the 3-hp unit), below which temperatures supplemental heating 
will be required. 

Additional balance points are needed to determine the points at which sup 
plemental heaters will be turned on. Assume that 2-kw (6826 Btu) heaters 
are to be used and the 5-hp heat pump. Starting at the first balance point 
move up the temperature line (23.5 degrees) for a distance equal to 6826 
Btu. From this point draw a line parallel to the capacity curve until it inter 
sects the diagonal from A to B. The temperature at the point of intersection 
is the second balance point. Repeat the 6826 Btu vertical line from this point Oe 
upward and again draw the parallel line. Repeat this procedure as often as | 
necessary until point A is reached. Point A always represents the heat loss 
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Fig. 2--A winding on a magnetic core 
with a self-saturating rectifier in the 
circuit and with a reset winding 
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rectifier is added to the circuit current can tlow in only one 


direction through the winding. This means that the core 
saturates during the first half cycle of current through the 
winding. The next half cycle is blocked by the rectifier. The 
third half cycle 
saturated and will therefore 
With this 


form olf a hall wave 
a controlled output; a reset winding is 


appears a8 output, since the core is already 
absorb no more energy from the 
then, a continuous output in the 


winding circuit 


would be obtained after the first hal! 
cycle. This is not 
required. Also, one of the requirements of this logic-function 
device is that it be capable of acting on signals from other 
devices of the same nature. This requirement should be kept 
in mind. A reset winding circuit similar in form to the first 
2. If the 


reset voltage is made to be 180 degrees out of phase with the 


(yating) winding could be added, as shown in Fig 


yating voltage, the first half cycle results in positive satura 
tion of the core due to the current in the gating winding, and 
the next half cycle results in negative saturation of the core 
due to the current in the reset winding. Thus the core is again 
made to oscillate between positive and negative saturation 
and no output is obtained. By stopping the reset current 
however, an output could be obtained following the next 
gating half cycle. The most common method of doing this 
would be to place a low value resistor in series with the reset 
voltage, and then place a voltage of the proper magnitude and 
phase across this resistor, Fig. 2. However, because this cit 
cuit should be capable of being driven by similar units, a 
relatively high value of resistor should be used so that the 
preceding unit will not be overloaded and so that some gain 
per stage can be achieved. The compromise between these two 
opposed requirements is the use of a d-c biased rectilier so 
arranged in the circuit that it can serve as both a low and a 
high impedance at different times. This circuit produces a 
controlled output 

rhis circuit is the basis of Cypak circuitry and is more 


commonly known in the magnetics field as the Ramey ampli! 
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Fig. 3—The reset used in 
Cypak uses a d-c biased 
rectifier, which can serve 
as both high and low 
impedance when required 


ier. In practice, it is further modified by the addition ot a 
rectifier in the gating circuit, Fig. 3, so that minimum output 
an be provided across the load when the gating circuit 
not producing an output. 

Phis circuit is already an AND element with one input 
lo make it a multiple-input AND, other paths are provided 
for the reset current so that all of the several paths must be 
blocked in order to completely block the reset voltage, Fig 
1. There is no practical limit to the number of inputs that 
can be provided to a Cypak AND element so far as industrial! 
circuits are concerned, The theoretical value is probably about 
10 000. This would be equivalent to 10 000 contacts in series 

Before the OR, NOT, and MEMORY 
scribed, some specific points common to all Cypak circuits 
An estimated 80 percent of all the 


circuits are de 


hould be emphasized 
relay contacts used in industrial circuits are used exclusively 
for information processing, that is, 
Phis condition prompted the development of a low-power 


transmission of signals 


device to do the information processing in industrial digital! 
controls. With magnetic units, both cost and size are greatly 
affected by the power level the device. Cypak elements 
were consequently designed to handle input signals as low as 
10 milliwatts. More will be said later about the many advan 
tages of this low-input power level. The elements themselves 


deliver in the order of 0.3 watts output, which is more thai 


adequate power to do information processing. But what abou! 
the output of the Cypak 
logic elements must be amplified to the level required to either 


power switching? Here, of course, 


actuate another power 
handling mechanism, such as a motor starter. This amplifica 
tion can be accomplished through magnetic-type amplifiers 
that are digital in operation. In general, it is uneconomical to 
switch larger motors without an intermediate power-handling 
such as a motor starter, between the final Cypak 
output amplifier and the motor. The reliability penalty in this 
great because of the comparatively low frequency 


actuate the power device or to 


device, 


> ' 
ase 18 hot 
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Fig. 8 The two-tank problem and its logic-function control 





ol operation ol the motor starter. Other means of accomplish 
ing power switching are discussed later. 

Another immediately apparent characteristic of the AND 
clement just discussed is its phase sensitivity. The gating 
voltage and the reset voltage (Fig. 3) must be 180 degrees 
out of phase with each other. Also, a number of different 
voltages —for gating, reset, and bias—must be supplied. These 
characteristics are common to nearly all of the Cypak ele 
ments, but are not a disadvantage. All voltages of the proper 
phases are supplied from a single center-tapped transformer 
with an associated rectifier bridge to supply the bias voltage 
()f course, the reset voltage, input voltage, and the reset 
bias voltage must all be of the same phase and opposite to the 
phase of the gate voltage and the d-c gate bias voltage. These 
points about Cypak magnetic elements take on a particular 
importance in circuit design. 

The OR element is the only Cypak element that does not 
provide amplification within stage. It is a pure rectifier cir 
cuit, Fig. 5, so designed that any one of the inputs can produce 
an output but will still be isolated from the other inputs. Of 
course, the OR element is not sensitive to the phase of the 
incoming signal, and there is no limit to the number of inputs 
that can be provided. 

The NOT element provides no reset current except during 
an input, thus producing an output at all times when an input 
is not present. As might be expected, this is accomplished 
by making the input voltage serve as the reset voltage, Fig 
6. Although the NOT element is generally used with a single 
input, there is no reason why several inputs could not be 
provided if isolated from each other to prevent feedback. 

The function of the MEMORY circuit is to provide a con 
linuous output once an input is provided and to stop that 
output when a second input occurs. This suggests that a 
train of pulses be kept circulating with a means for interrupt 
ing the train with a second input. This is exactly what 1s done 
with the Cypak MEMORY element. Two OR elements and 
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two NOT elements made sensitive to opposite phase inpu 
signals are used, Fig. 7. 

One other element in the Cypak family deserves some di 
cussion. This is the TIME DELAY unit. Units have been ce 
signed lor use as delay element where they produc © maxi 
mum output for a specified time and then produce zero out 
put; they operate in conjunction with a MEMORY element 
Their principle of operation is much the same as any resist 
ance-capacitance circuit that takes advantage of an RC time 
constant. In Cypak, these TIME DELAY units have been 
built in several ranges up to a maximum of 40 seconds 

This briefly describes the devices required for one method 
of accomplishing logic functions through magnetic principle 
Ihere are, of course, other designs of magnetic elements that 
provide the same functions. Few, however, can do so with a 
response of one-half cycle; and although most industria! 
digital controls of today find a half-cycle response (when 
using a 60-cycle supply) to be more than adequate, those of 
tomorrow may well be so COMplEX that response time on 


switching units will become critical! 


A higher supply frequency is, of course, a possibility. Thi 
would have the bonus advantage of permitting smaller core 
but would have the disadvantage of a high-frequency supply 
of some sort. This usually means higher cost. Also, at fre 
quencies in the kilocycle range, the capacitance effect of dry 
plate rectifiers becomes prohibitive. Considerable work | 
being done on the design of higher frequency units and im 
portant developments can be expected from this field 


How Are Logic Functions Applied? 


rhe first clue on how to use logic function elements in cir 
cuit design probably comes from their name. Simple control 
can be designed purely on the basis of logic 

For example, take the problem of two tanks, Fig. 8, which 
must be filled in a specific sequence. A stipulation is that 
tank “A” must be filled first and tank “B” can be filled only 
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The logic diagram counterpart of the punch-press control 


ol Course WaS an @asy problem LO SOLVE 


igital controls are far more complex. Never 


can be designed by a logit , prot ess 
the most efficient method. In the case 
control, Fig. 10, for instance, the direct trans 
rol requirements to logic circuit becomes more 
circuit, Fig. 9, can be designed by trans 
e relay diagram. By considering the relay 
of AND, OR, NOT, and MEMORY, a logi 
derived and later modified 
ir ise What about the control that is too 
La transiation by a logic method?” Not only 
circuits in this category but their number is 
| controls become more comples 
complexity, particularly in the 
ived interest in a form of mathe 
sh mathematician in the 19th 
express the processes ol log 
mes called contact algebra or log 
ised to reduce control requirements to 
ion that is directly translatable to the 
required. This turns out to be not only a « 
od of designing circuits with logic functions bu 
e method of reducing the control to the 


ponent 


Application Considerations 


vel of ¢ ypak presents opportuniti ; 
be employed with ¢ ypak that wi 
of reliability. One of the bad 
of digitally controlled machine 
Part of the maintenance diff 
switches is electrical and part 1s mechanica 
and erode much like relay contacts to caus¢ 
he electrical trouble. The breakdown of 
parts due to the arm action of the limit switcl 
respons! for most of the mechanical failure 
witch, then, would have no contacts and no 
\ limit switch that fulfills these requirement 
ve forthcoming in the immediate future. Both a push 
i limit switch that have no contacts have already 
oped 
bilities for much more reliable input device 
inviting. Phototransistors, whose outputs are 
o Limit Switch Required if "ON HOP” Operation Is Desired ipon the impingement of light or higher Irequene \ 
Fig.10. A relay diagram for a punch press , ow considerable promise Phe object with this type 
| be to mount a small, rugged light source or a 
ource on the moving part of the machine, and 
if tank 4" is full. The sensing elements are ley mse! mount the phototransistor on the non-moving portion so that 
both tanks that deliver an output when the tan hu t ¢ O] i \ ave across its load when the light source 
Immediately, the characteristic of the level se 
that a NOT element be used to detect when n ul inusual input devices are not absolutely necessar 
not full. Hence, the inputs from the level senser } 1) a lo | op ition of ¢ ypak Standard input devices can be 
to two separate NOT element But the stipulation { sed ode requirements make it necessary to use 110-volt 
tank “B” be filled only when tanl A”’ as full and v Lore oO making input devices, since this 1s considered 
tank “B”’ is mot full. Hence, the output from the NOT ele: mul ltag it will burn through the grease and 
associated with tank B.” and tl output direct trot rro ( I tacts. ( ypak operates on inpul signa 
level senser for tank \ ould put throug! i! ) i ) ye , > . The stepdown 1s accomplished 
element. Thi part of the contro VS! u Ind ; 0 f vider that pi ks off 15 volts tor the 
not B will be filled A cr ! I \ ] cs 1, v | } \ laye dividers are often used in cot! 
will operate when either 
I I t \ re inded the M 
means an OR element f r\ tpu 1 twe ' Cem wer or Pal ‘ | 
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The best uses for ( ypak systems are those that involve 
sequencing and interloc king to some degree. Of Course thie 
yreater the amount of sequencing and the higher the d 
ycie, the greater the advantage Many early applicator 


ave been in the machine-tool control field (Fig. 11 


The increase in complexity machine-tool contro ¢ 


hit 


broug about by the increasing stronger move towards fu 


tulomation, seems to be culminating in numerical contro 
schemes. Numerical control is the storage, in terms of nut 

bers, of the complete specification for a desired meta ip 
ind then the translation of those numbers, through a contro 


or servomechanisn 


ystem, into position information 


ontrol ne reiative position of the work and too Variou 


nachine tools—milling machines, lathes, boring machine 
cam machines, drilling machine ind punch presse have 
itlready been, or could be, numerically controlled. Numerica 
control differs from automat sequence control | that 
ariety of ten porary programs can be used to change the 


ontrol functions to suit the part being machined 


ipplhied to other areas of automat control \ spe hic ¢ in 


le general principles of numerical control can also be 


ple can be cited in the steel-mill industry. Schemes have been 
worked out for the automatic charging of blast furnace 
where the proper amount of stone, ore, and coke are deliveres 
o the furnace at the proper times according to a pre elected 


chedule. The information is either fed in manually throug! 















pushbuttons or automatically through read-in device ucl 
is a punched-card reader ‘ 
Ihe use of numerical control in the field of process contro The redesigned Cypak elements are built up in plug-in. type 
completely encapsulated modulé Power connections are made 
sO appears attractive Because of the large amount of 5 y Pp —— sla said ' 
1 | l . l through a power channel The phase is determined by the 
rmatl ri ‘Sse ¢ al ¢ ‘ 1 mati 
nlormation processed, both manually and automatica way the module is plugged into the channel. Power connec 
such enterprises as oil refining pipeline operation ind chen tors are unsymmetrically irranged about the axis of the 
Cal processing, numerical control may eventually be 1sec module. The only direct wiring required is on input and out 


widely in these areas put terminals. This new module is more rugged than previous 


, , designs, easier to wire and nstall ind even more reliable 
Although a ( ypak System lor numerical control is lar more 


flexible in its function and in general more complex than one 


{ 


lor automatt sequence control, the system elemen ire 


same. Because of the greater complexity, reliable operation 
ol even greater importance 

\ complete tabulation of the potential applications ol 
(‘ypak systems is impossible. This brief discussion, however 


ndicates directions in which its possible uses lie. # 
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Fig.11 Above, a Cypak control for a turret 





lathe. The control is mounted as an integral 





part of the machine Each of the six 









turret faces has five modes of operation 
At left, a skip-hoist model is an example 






of Cy pak control use in numerical cor 
All 


in device to make t completely automat 






trollers model needs is a read 















Presto—Vulcanization 


Stories 
of 
Researeh 


Roadblock for Arcs 


lemperatures—no heat, no pressure 


tired. Control of the process 


( 


voltage and governing the le: 


in be obtained from a standare 
inization takes place when the 


he silicone molecules and cau 


patterns. This process cha 


! 


putty-like mass into a soli 


ibber (see photo above + 
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New Technique for Transistors 


CONVENTIONAL METHODS Of making transistors rely on 
le) ite temperature control to achieve quality and consist 
ency in the finished product Ordinarily a thin slice of n type 


yermanium 1s placed between two layers of the metal and 
heated. The metal atoms dissolve inward through the get 
manium forming two outside layers of p-type germanium and 
eaving a thin n type layer between them. The thinner and 
more uniform the n-layer, the better the performance of the 
finished transistor. Too high a temperature Causes the thu 
layer of n-type germanium to melt away completely, leaving 
the transistor worthless. Too low a temperature leaves the 
layer too thick, giving a transistor with poor performance 

\ new technique developed at the Research Laboratories 
an allow the temperature to be virtually uncontrolled, which 
means the process inherently produces transistors more cor 
sistent in quality from unit to unit. Key to the new process 1 
i cooling-off period during the heating of the transistor sand 
vich, which allows the critical n-layer to build up to the 
desired thickness and uniformity 

rhe transistors produced in the laboratory by this process 
have unusual performance, One transistor, for example, can 
amplify current of much higher frequency than the usual jun 
tion-type transistor. Thus high-frequency electronic equip 
ment, including home television sets, may soon be fully 
transistorized 

Ihe new technique has also produced transistors that are 
super-sensitive to light. These photodiodes use the energy of 
ight to control electric currents, like an ordinary photo 
electric cell. However they are at least 10 000 times mor 





sensitive to light, and one of them can control as much cur 
rent as 100 typical photoelectric cells combined. The ne 

photodiode operates on a voltage as low as that from a 1/4 
volt dry cell or 6-volt storage battery, yet operates a standard 
relay without amplification. One potential application for such 
1 photodiode might be as an automatic headlight dimmer. « 
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‘I I] LCOND I 1] ct 
result ol a new electt ( 
lown to le than one bp ! 
it the Research Laborat r ‘ ‘ 
Ie T tubs dot 1 et } ) ‘ rl ee 

top-watch,’’ and won't 

ire cle eloped to mea re ( r f 1] 
vill give an indicatior G ‘ 
more than seven time i! 
during the shortest iter ( ‘ 


top watch, light can trav 
\ photomultiplier t 
reaction ot electron | 
triking a metal plate 
trom the other surtace 
multiplying effect In the ne P ai 


{ 


metal 


film re place 


the emitted electrons | ‘ ( ( 
to table ilt and but two 
( iporated in a \ Lcu ( 


ike material 
these two films 1s depo r 
times thinner than the 


vich 18 mounted on the 





Typical adjustable-frequency 
supply consists of a 
three-phase generator 
driven by an adjustable 
speed d-c motor 





D-C MOTOR 
STARTING 
OVERLOAD CONTROL 


A dj U S { d D | : a | 


Frequency srannains 


- 
> 


MOTORS 


A-C Drives at 


TABLE 
MOTORS 


The rod-mill run-out table 


carries rod from the mill 

to the cooling beds. The long 
rod, in a red-hot state 

must be prevented from 
buckling or stretching 




















When many motors are required for a 


nole drive, and must operate closely togethe 


rr a Speed range, the adjustable-frequency dh 


atten the most pract al INSTOP) 


A. T. BACHELER 
Control Engineering Departme 
Westinghouse Electric Corporatic 
itfalo, New York 
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Fig. 1. Simplified control sche 
matic of an adjustable-frequency 
drive fora run-out table fora rod 
and merchant mill application 


Fig.2 An individual motor drive 
on each roll with a common ad 
justable-frequency supply main 
tains uniform roll speed on rod 
and merchant millrun-out table 


ndoubtee ( Vort 


THE SQUIRREL-CAGE MOTO! 
horse of American industry. More machines are driven and 


more work is done by this motor than any other single type 
Its ruggedness low cost and reliabi ily are we Known te 
tures Widespread use of the squirrel-cage motor made 


spite of the fact that it 1s essentially a constant-speed ma 
hine, hence relatively inflexible from that standpoir 
Essentially constant speed—but not necessarily! If the 1) 
ply Irequency 1s adjustable, these motors can be made 
operate with most of the flexibility of the d-c mae ne. In fae 
in adjustable lrequency system is Many advantayes ove! 


i d-c drive (;roup drives lor example, ¢ in be made to operate 


ogether closely over a wide speed range withor Y ( 
istments. Starting, acceleration, and switching of emo 
tors in a group drive can be done easily with the el 
but require special treatment with d-c motor 

Phe added cost of an adjustable-frequen Ipp yal 
offset by the savings afforded by the mplitied squirrel -« ( 
motor constructiol But to be mporta } or 
motors must be in olved kor t! reaso! id ifyie ( t 





Westinghouse ENGINEER «+ JULY, 1956 
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Two basic elements of a nylon spinning-machine drive: the con 
trol cabinet(above, left) for the adjustable-frequency drive contains 
an electronic regulator panel for precision frequency control; the 
eight-position winder (below) has each feedwheel individually 
motored and regulated by » adjustable-frequency supply 


tion motors ol 
uctance-motor 
rated voltage, reduced 
full-load or higher torque 
Iriction ol 

\ typica 


machine having severa 
ronous motors 
ing such a macl 
gether and brought u 
ny or other operati yt 
\s the generator speed 
iso increase unl tive 


LioOn-MOLO! Lord i¢ 





The motors ther 


ry Lorque 


ire al 


tained Lo ¢ 

occur below threading s] 
il the proper ( 

operation 

ition to preliminar 

ye at that 

Adjustable lrequene 
most economical. No incre 
s required over running re 


itor drive eis required 


\cro 
quire a bigvet yenerarto 
After all motors are 
peed ind all preiimina 
peed is gradually and 
venerator field 
lnerea ed 0) 
Phe second methor 
that may pre ul in 
nent. lor example 
lon it may be ce 
produc Lion peed wl 
tion The econd ect 
yncehronous-motor al 
the machine can be restart 
quency Motors of 4) per ( 
icross the line, with the vener 
mize volt ive drop Start 
Fig.3— the generator and cause 
Simplified diagram t} 
of a regulated ad- 


e system 


justable-frequency Recent 
drive for a nylon l 
spinning-machine, 

using a packaged 

adjustable-voitage 

drive for the alter- 


nator 


0-C MOTOR 


‘ 


tance 


drop in proport 
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irequene 
cCcCeCVeT 
econon i nd pra il lO 1 j ’ rec 
Lor 
yeneratl 


thnerelore 


lor 


iniable Ireqt my ! ( iuction tree 


yenera operating 
can be 
operating 

ted from the 

ind lrequem 

! | 


iclion and 


re 
the primary the output 
ad frequency with Lol tal } ip 


Characteristics of Adjustable-Frequency Drive Equipment 


All of the inc mac 


ire capable ol operating entially 


idjustable-frequency sy 


constant flux, ove 


frequency ive venerated in the armature wit 


renerator 
lreque ney 
| xed vaiue ol 


to the Irequenc\ venerated volt per cyck 


he same at! ‘ ju \ onstant flux. The t 
minal voltay 


ower, by the impedance drop of 


machine. Except for lin to reduced ventilation 


low speed, the n n are capable of carrying the sa 


oad current o I wicle Irequency range 


constant load cu nt, constat Lorque capabi ities are 


tained from the 


j 


It is a characteris! nduction and synchronous m 


that line and pr mary l Linge im] lance drops tend to | 
oh 


torque at low frequen voltage 1s raised slig 


ow frequency to overcome drop in the primary 
ing and le ics i! ( i inh t ] s obtained Th voit 


116 


ry 


proportional to flux ar 


worked economically at 


rt 


il 


tage will be proportiona 


With fixed flux and 


synchronous generators used 


At frequencies above 60 cycles 


y need not be raised more than 15 

im frequencies above 15 cycles. And for 

tle or no boost is required. The minimum 

to insure satisfactory operation should be 

e in volts per cycle will adversely affect 
nd perlormance 

tandards exist for variable-frequency drive 

nherent constant-torque and constant volts 

teristics of motors and generators offer a 


tandardization. While the maximum and 


ies vary widely with the application re 
can all be rated on the basis of one of the 
; preferably 220/440 
but possibly based on 55 or 110 volts at 60 


voltages at OU cycles 


t be limited. Voltage limits may be im 
derations or by the voltage rating of dis 


its per cycle for generators is basi 


it tor motors iz 1, or 8 volts per cycle 


of basic 60-cycle generator designs, which 


rve venerators with a small number of turns 


lvantage, since these designs are somewhat 
e yenerator voltage rating should be slightly 

of the motors to offset line drop. Standard) 

ycle is not proposed because the require 
types and sizes of machines are so different 
boost in volts per cycle requires no major 
i} cle sign 


itor electri Field heating is the limi 


peed range because of the reduced 


peeds and greater losses due to volts-pet 


peed. Except on some rotating-armature 
yrced ventilation is required for cooling at speeds 
(yt) rpm 

ce both induction and synchronous motors 
torque characteristics, the horsepower capa 
with the frequency Selection of motor horse 
on a basis of the equivalent capacity at 60 cycles 
lor example, if a section of a machine requires 


ver at 3850 rpm, the equivalent t-pole O0-cycle 


ble of the same torque output would be rated 2 hp 


d 1750 rpm. The frequency at top speed would 
ind the voltage would be 477 volts, correspond 
it 60 cycles 
method permits use ol standard 60-cycle in 
ynchronous motors and reduces the special de 
red for an adjustable-frequency drive, whict 
ts in savings to the user and quicker deliveries 
yw the higher frequencies must, of course, be 
nechanical strength to withstand the higher cen 


higher speeds 


Starting Methods 


tarting method for an ad ustable lrequermn \ 


depends on the particular requirements of the 


ind the limitations of the power supply. The 
ng methods commonly used are (1) adjustable 
line starting at 


ing, (2 across the any ire 


reduced-voltage starting at any frequency 
nee synchronous motors have greater starting 


urrent than squirrel-cage induction motors of the 


power rating, the size of the a-c generator for line 


ctance motor must be greater than for induc 
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THE PHENOMENAL GROWTH of the man-made liber indus ne FroOLol 1 ellect, lor ( ( head 













ry in the past ten years has given yvreatl Impetus to the use ol surfaces. At these pole ere eC ol »CTO C all 
small synchronous motors for adjustable frequency drives gap is substantially / vher r gap 
lhe reasons for this are fundamental. A machine spinning smu irger. The resu ( 
iber of a given denier may havea great number of positions the air gap gathers a est » lock e rotor 
each producing many filaments composing a strand of yarn poles in synchronism wi r te Whe externa 
Kach position must operate at exactly the same speed to ob oad | Lp pode ad, the ro \ 
lain unilormity ol yarn Many gears, shafts, clutches and respec 0 e Slalor 
other mechanical parts would be required to hold each pos! hronous motor. This ] 
on speed the same mechanically. To accomplish this ele ompon vhich 1s_ ett ( rue the 
rically, many small synchronous motors can be operated notor shaft (Pig. 1). OF ce vu rly ett 
from a common frequency supply to drive the various loads ( design, and as a re ly 
such as feedwheels, pumps, and winders. Since different spin tantially reduced 
ling-machine speeds are necessary for the various deniers o Perhaps a compariso 
yarn, the supply alternator frequency is adjusted to set differ excited-tield tlient-pole ( e helpl When direc 
ent synchronous speeds for the motors current ipplied to t e tu ( ) olor 
The most prevalent type of synchronous motor used tor the reaction otf the rotor ) ( ( il 
s ipplication is the reluctance motor. Thousands of these roduce torque i OV | 
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Fig. 1 Sketch illustrat 
“fe ROTOR 


POLE AXIS ing how the reluctance 


motor develops torque ve © © @ 












Typical rotor lamination 
for a reluctance motor 
can be derived from an in 
duction-motor punching 5 
by cutting away colored 
areas to form salient poles 


ROTOR on the uncut surfaces 
POLE AXIS 


AXIS OF TERMINAL VOLTAGE 
re a 
M§-LOAD ANGLE 


ans 










Fig. 2—Sketch shows how 


conventional synchronous Cax™> 


motor develops torque 









motors have been used because of their inherent rugvednes Out O Supp more 

simplicity, and low cost. In addition, the reluctance motor i equireme! the mo 

practicable for ratings ranging from small fractional hors« mower supply at a le 

power ratings up to 10 hp. Even larger ratings can be built ons the torque capa | f ihe 


] ‘ ‘ 
1d COSL Mav MaKe an exe ed Lient-pole ry eld | VCUKCHCE 










il 





Phe physical appearance ind construction of the reluctance draw Irom i¢ a ( { 









mot 





or | *SSeNLally 1@ Same as that ol a indard squirre ese CONCILIO! ¢ lol ( re 









ive induction motor, e cept that e reluctance ovo! ol ecluce If e hel ( ( 
en somewhat larger for a given rating. The appearance of the re en all of the « ( 
stator, its winding, and the externa appearance are the ime ivy F power lactor 

is that of a squirrei-cage motor Phe fundamental difference oad torque Phe torque ( ( ‘ | ( 
lies in the rotor design. Salient poles are created on the re reluctance” torque a ( brie 
luctance-motor rotor by removing some o! the iron Actually olor Wi ive a re ( ! ( 
a squirrel-cage rotor can be converted to reluctance operaluiol! rame ZA ind operate ( ! or 
by a very simple machining operation. If a standard squirre In practice e motor ce ( 
cage rotor 1s milled to give flat ait COrrespo! ding to the ictors to produce Ww prove ( ( ( j ‘ 
number of stator poles above, ngnt the motor will run asa criber The fae ret ( ( 
synchronous reluctance motor. The machining of flat 0 ( 0 perate al powe OA) rye ¢ 
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The reluctance motor can bi 
alisfactorily applied to either 
onstant- or adjustable-frequenc) 
peration. It 1s ideally suited to 
application where many small 
ynchronous motors can 
Ne ope rated from a common- 
requency supply; motor speed 

et by adjusting the 
uppl yi oltage /re quenc) 
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Cl Cs] wie ( ‘ i I ( ) ( ve seen from Fig. 3. For exar ( 
‘ ‘ ‘ oper eT or powet r «le ¢ or 170-percent pl orque 
HW) perce ' riner if 0.33 Ib-f If this motor mi 
( Ost er relier ed 0 ne Motor ill 
Application Factors ( , o of to ertia to motor inertia 1s 6. 
‘ ! ‘ 0 yp re emoto ron r e redue m tactor 0.41. The ne pu 
‘ lor ord I rOono MOLOT ( f rqut f ed! drive ( «pressed by the relationsh 
ce re a | torque I A’ ¢ Ke 
i | r ( er i Reduction factor x P. I. 1] 
I f Capea V Mn rated ¢ excitatlo ( require 
without external inert 
1 ¢ yal ( I Lp pride ition musi ec we KnNOoV SO ( - 
0.41 x 1700% 
( porta lactor | { hould be co dere ré , 
O84 
1) load inertia, (2) pu orque, (3) pull-out torque 
by or! oad torque | ( ) mi require i 100 percent ot full oad lorque 
Load inertia and pull-in lorque re closely associated | ve pulled 0O nchronism, then this motor will not be ade 
e bot niluence the ynchronizing operation of the motor late, 0) he other hand, if the load is a machine that can be 
| orque ol a nchronous motor is the maximum « ri i I oad or no-load, then a 68-percent pu 
i ! ( ler r e motor v pu CO ‘ ( 7 ( Iyle 
vide 0 ncnrol m, at rated voltage and trequen Phe Pu ( rue Lhe pear oad torque that the synchronou 
peer »v nh a motor v bring its load depends on the tor rry without losing synchronism. For steady load 
ver re red to drive the load: whether the motor ca 1) I Lype ol pump the required pull-out torque 
e load 0 step from 1] peed depe nds on the inertia o De ESse { tu oad lorque Other loads may require 
© revo y part Thus the pull-in torque cannot be de 1) out torque compared to their running torque hie 
er ed y ol knowing the load inertia as we the lo jull-oUu orque must be ufficiently large to prevent loss o!} 
orque Ihe transition to nchronou operation fro ro In contrast to puil-in torque, load inertia ha 
rre ive operaliol mportant and deserve ClOst e eet on pu ) torque, since a change of load spec 
f } Dur nail o| the a ir motion ol one rotor pol 0 olved 
rela e toa pole of the rotating field, the reluctance torque Phe running-lorqgue requirements ol the load must also be 
eleration of the rotor. During the other half of 1 nown. The closer a motor can be applied to pull-out, th 
relative motion opposes the acceleration. The load must be etter v be the power factor and efficiency. With an ord 
wcelerated into nehronism with the magnetic tield dur il quirrel-cape motor power lactor and ethicienc y drop oft 
e torque ud portion of f invular motion ipstantia as the motor is unloaded As shown in Fig 4, the 
When the motor runs close to synchronous speed, eve fect even more pronounced with reluctance motors 
nduction motor the rela e motion between pol lo immarize low inertia, low pull in torque, and lov 
ower. Th iffords more time during which the poles are il]-out torque all help keep motor size small and perforn 
lavorab aligned, and facilitate ynchronism. Also, the re ince good bor example compare two 0.33-hp reluctance 
qu red crement ol peed Ip to ynchronism |} matier. there otor ae ry one lor 170 pe reent pull In torque and the 
by requiring te recelerating torque By the ime reasoning ther tor AW) percent The first has a power factor and effi 
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hye ( me interva The relatio p> bo Vet 67 percent respectively These figures are based on 
Fig. 3 
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Fig. 3 This curve shows the relation # ; , + + 


ship between the load-inertia effect and 


PIT WITH INERTIA = PIT. WITHOUT INERTIA X FACTOR 
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the reduction in motor pull-in torque 
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Fig. 4. These curves show the variation 
of power factor and efficiency of a reluc 
tance synchronous motor with loading. 
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Fig. 5 Motor-terminal voltage should 
vary almost directly with frequency. 
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negligible external load inertia, since in this particular case 

arge gear reduction was involved. Without the gear reduc 

tion, the reflected load inertia would have been appreciable 

ind a larger motor frame size would probably have been 

required to develop sufficient pull-in torque for synchronizing 
' 


rhis would have resulted, not only in a larger motor, but ina 
reduced power factor and efficiency as well 


Adjustable-frequency Factors 


Ihe considerations discussed previously are general ones 
pertaining to normal application of reluctance motors. ‘These 
principles apply to both adjustable-frequency operation and 
constant-frequency operation. For the adjustable-frequency 
case, however, two additional points should be examined 
torque and thermal! capacities. 

Porque capacity depends on the motor excitation or flux 
lensity. This is easily visualized since a greater flux density 
it the rotor poles means a stronger pull to keep the rotor 
turning. If the motor can be made to operate with the same 
flux density at all frequencies, then the torque capacity 1s 
inchanged. Translated into application factors, this Is ac 
complished by keeping the volts-per-cycle approximately the 
same for all frequencies. For ranges up to 3 or 4 to 1, this 
results in keeping the flux density about constant. Thus if a 
motor is designed for 220 volts at 60 « y¢ les, it should be op 
erated at 330 volts at 90 cycles, or 110 volts at 30 cycles, with 
proportional voltages for intermediate frequencies as shown 
in Fig. 5. This can be inherently achieved by maintaining 
constant d-c excitation on the alternator which supplies the 
idjustable-frequency power 

If a wider range of frequencies is to be employed, especially 
i range extending to quite low Irequencies, spe ial refine 
ments are necessary Constant volts per-cy¢ le is no longer 


idequate to develop constant torque because of the effect of 
| | | 


This reluctance synchronous motor is being 
tested for vibration or noise prior to use 
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Fig. 1--A curve showing absolute pressure and relative 
volume of gas at constant ternperature based on 


unit volume at atmospheric pressure 


Fig. 2. This curve shows the 
boiling point of water at 


reduced temperature 
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The transformer tank serves as the oven” for 
acuum drying in this new method. It is surtabl 
ei the held on factory use Here’ s how rt work 


PAUL EVANS, JR 
Engineer, Transformer D 
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\LL POWER TRANSFORMERS must be vacuum dried before waler-vapor pr 


} { 


veing filled with oil, to rid the core and coils of moisture and drying proce 
vases occluded in the insulation. Until recently, the conven Removal of the va 


tional method was to oven dry the core and coils and then fibers is essential for 


place them in the tank for vacuum oil impregnation. A new time available for « 


method is to vacuum dry the complete transformer in its own made. The expat 
tank; this method, first applied in manufacture, has now beet xt ting moist 
idapted for use in the field as with reduct 

The new method provides one an V © the growing prob mai atmo pheri 
em ol adequately drying larger and irger units in the 1] ny oper ition 
ind in repair shops. It is faster than the conventional met 


ind also results in considerable reduction in insul: 


factor and an increase in insulation re tance 


Theoretical Considerations 
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moisture, and to 
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possible ad i reasonable COS 


» store heat in the insulation 
This stored heat provides neat of 


water removed during vacuum dry 
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An 
Engineering 
Personality 


‘nt by West 


separate projec ts, each witli! 


or, power plant physics, and 
then became assistant manager 
the iob he now holds. Here 

ity for the entire project, wit! 


ssociated with the project re 


etts, came to Westinghouse fron 
earning his BS in electrical eng 
master’s degree in 1939. After com 
Course, he joined the electri 


East Pittsburgh. When the war 


witt 


to Washington to help the Navy wit 
tems, where he served until 1945 
t demeanor, Ross might easily be typed 
which he is. But on many o«¢ 
also a man of actior 


ites bears this out The oceasior 


irye precisely machined parts oO 
ovether for the first time since their 


were critical and expensive parts As i 


mailer into place the assemblage of scien 


ns were dismayed when It appar 


ind techr 1a 


ay into place. The dilemma was clear: shal 
the part as gently as possible, or try to witl 
ausil damage in either event and delay 


ion Was being pondered bh 


get a closer look. Noting the 
hammer, rapped a piston ring 


and the two pieces glided neatly 
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was heard throughout the build 
spicious occasion the hammer 


ited and mounted, and presented 


activities have been varied. He 

man, and has won several trophie 
o has been a tennis and goll enthu 
ened and bult his own house doing 


vork nin elf The press WS aton 
reduced these activities é prese! 
‘ast one 


spends with his family 


2088's proless or 


bee! 
se thev were tean efforts 
ind experience No individ 
However it is abundant 
systems, and ! 
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Look—No Contacts! New Liquid-Metal Pump 


[WO NEW MECHANICAL swit without conta 
1: developed spe hie ally for Cypak applications Both work 
1€ principle of a change in reactor-coil impedance 

e presence or absence of a magnetic material in 
ty of the coil field. Hen e, wnen the reactor core 1s 

, the coil has high impedance; when saturated, t 
mpedance Chis impedance change is sulhicient to proy 


geinsignal capable of operating ¢ ypak contro element 


aeasn iN 
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MAGNET 


STEEL BAR 


MAGNET OUT OF POSITION [ } | 


Tru COnS 
PUSH-ON 
heard — 4 IIIS) 
_—_- 
STEEL BAR 
MAGNET IN POSITION 
Fig. 1 


PERMANENT 


MAGNET Fig. 2 





SATURATING 
CORE 


The “proximity” switch (type CPP) is entirely free 


ol 
moving parts, Fig. 1. It consists of an encapsulated core, coil 
ind magnet The core is normally saturated by the presence 
of the permanent magnet housed in the same enclosure, but 
oses this saturation when an external steel bar moves in 
close to the pole face of the switch. This loss of saturation 
occurs because the tlux is shunted away from the coil assembly 
by the steel bar. This unit is applicable to machine tools 
vith rigid, accurate machine wat 


! 


drill heads 

The second contactless switch (type ¢ 
ind does not require an accurate relationship between the 
switch and the moving member. It consists of a core and coil 
as the stationary part of the switch, and the permanent mag 
et as the moving part, Fig. 2. When the magnet isinits normal 
position, the core is saturated; when the arm is moved, the 
magnet is moved out of position and the core becomes un 
saturated. This switch has only two points subject LO pos ible 
vear, the main and roller bearing. The CPL switch should be 
particularly satisfactory for such applicati 

soth types offer practically unlimited life compared 


, , , 
conventional electrical-contact switch. @ 
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Breaker Trip Settings Raised on 
CSP Distribution Transformers 
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© - sicnat uur © -— New Breaker reir 
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This 315 000-kva, 17.3 129-kv generator transformer, largest 
ever installed, is the first of two identical units being built for 


the No. 1 and No. 2 units of the Detroit Edison Company's new 


River Rouge power plant. The second will be installed by late 1956 
The three-phase, forced-oil-to-air-cooled transformer, weighing 
325 000 Ibs, was shipped upright in a one-piece tank less bushings 
and cooling equipment. The installed unit weighs 448 000 Ibs and 
is about 24'4 ft high from the foundation to bushing tips, 16% ft 
wide, and 26 ft long. Westinghouse also has under construction 


a 360 000-kva generator transformer for the plant's No. 3 unit 
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personality profiles 


Dr. Clarence Zener « Walter R. Yeary « Paul Evans, Jr. @ A. T. Bacheler and C. G. Helmi 


Dr. Clarence Zener, now acting director of the Research Lab Bacheler 
vill be remembered by many readers as the subject ¢ { of the 
| Engineering article in the ENGINEER abou vO adju requency 
vears ago. A native of Indiana, Dr. Zener nost of | reluctance motors for 
up to World War II in college classrooms an ng “opening day” appeara 


he carried on research an velopmer on I til ‘ ition 
irmor penetration % wn Arsenal Val icheler graduate: 


le a protessor in the nstitu of Metal nd th F 1 EE and came 


1 fre 


Department of Physics at the University of Chicago t 1 ident Training Prog 
post he came to Westinghouse | 5 tion of the Industry I 
until 1950 whe 
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Walter R. Yeary ha 

mm more } I n al vile 
n electrical wor 
r. Since 1950 he 
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yplica 
ind later 


the author of th 


A nat 


to earn 
ormer Divisio 
has been there 
large power! tran 
vackground for hi 
Van pare time 
glance at his record 
yreater knowledge of 


which he hopes 

















This 200 000-kw turbine-generator unit was recently put into service by the Public 
Service Electric and Gas Company in their Burlington, N.J. station. The turbine is a 


tandem-compoundgd, triple-exhaust, 3600-rpm machine. One of the highest temperature 





machines in service today, inlet stearn ternperature is 1100 degrees F, reheat temperature 


1050 degrees F. The generator is hydrogen-cooled, with the rotor inner-cooled by hydrogen 
flowing through hollow field conductors. From the curved console (inset), the operator 


has complete control of the boiler, turbine-generator unit, and other auxiliary machinery 


